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Technical development in the second half of the twentieth century was promoted in no small measure by the discovery and industrial use of the process of stereospecific polymerisation on Ziegler-Natta catalysts.
Neodymium-containing catalytic systems making it possible to produce polybutadienes and polyisoprenes with high stereoregularity are now well known. The ecologically clean production technology ensures a high degree of purity of the rubber and of the materials produced from it. It has been shown that rubbers produced on such systems possess better processing properties, and the vulcanisates based on them possess higher strength and elastic properties and better wear resistance.
A shortcoming of "neodymium" polybutadiene is its reduced cold resistance, connected with the high regularity of its structure. Therefore, research in the field of improving the low-temperature properties of SKD-ND polybutadiene rubber is now central.
It is known that, as the isoprene content in a butadieneisoprene copolymer increases, the crystallisation temperature of the copolymer increases, while the melting temperature decreases. The given behaviour pattern makes it possible to vary in a wide range the lowtemperature properties of the rubber [1] [2] [3] .
The aim of the present work was to develop technology for the production of cold-resistant SKD-ND(m) rubber on the homogeneous neodymium-containing catalytic system Nd(vers.) 3 -Al(iso-C 4 H 9 ) 3 -Al 2 (C 2 H 5 ) 3 Cl 3 , where Nd(vers.) 3 is neodymium neodecanoate.
To improve the low-temperature properties of NKD-ND rubber, statistically distributed isoprene units were introduced into the cis-polybutadiene chain, which led to loss of regularity of the macrochains and, consequently, to an increase in the defectiveness of the crystalline phase.
It was established that, during the copolymerisation of butadiene with isoprene, with increase in the isoprene content from 5 to 75 wt.%, the polymer yield decreases from 99 to 75 wt.% (Table 1) . Here, the molecular weight and viscosity of the copolymer are not dependent on the isoprene concentration. The copolymerisation constants of butadiene (r 1 = 2.26) and isoprene (r 2 = 1.79) are roughly equal, and therefore a statistical distribution of isoprene units in the copolymer with butadiene occurs [4] .
The results of investigating the microstructure of SKD-ND(m) rubber indicate its high stereospecificity. The number of cis-1,4-units amounts to 97-98 wt.%, and the content of 1,2-units does not exceed 0.8 wt.% ( Table 2 ).
The regularity of the structure of the molecular chains has a key influence on the crystallisability of the elastomers, which in turn determines the degree of retention of the elastic properties at low temperatures.
The technology developed for producing SKD-ND(m) rubber makes it possible to control the molecular weight distribution in the 2.6-3.0 range of values of the coefficient of polydispersity (M w /M n ).
When quantity of 3.0-5.0 wt.% of the polybutadiene), the coefficient of cold resistance at -45°C, K m -45 , increases to 0.88, and that at -55°C, K m -55 , increases to 0.52 (Table 3) .
On the basis of the data obtained it may be concluded that the greatest degree of retention of the elastic properties of the elastomers at low temperatures is achieved with an isoprene unit content in the butadieneisoprene copolymer of ~3.5 wt.%, and assumed that structures consisting of expanded chains are present in the statistical copolymers [5, 6] .
Compared with existing analogues of SKDI copolymers, rubber mixes based on SKD-ND(m) have improved rheometric characteristics, and the vulcanisates have better physicomechanical properties.
Thus, the technology developed for the polymerisation of 1,3-butadiene with the addition of isoprene in a quantity of 3.0-5.0 wt.% of the butadiene makes it possible to produce rubber with the highest level of cold resistance. The improved properties of vulcanisates based on this rubber make it extremely promising for application in the tyre industry and in the production of mechanical rubber goods, artificial leathers, and cables of prolonged durability at low temperatures (down to -70°C).
